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Outline 
• Recall: Overall Objectives 

• Sampling Techniques and Data collected for 

eventual determination of emission factors 

– Focus on the on campus cotton  (Site E) 

• Recap of Sites for Cotton &  Tomatoes 

• Proposed work for remainder of this project 

• Additional investigation with INNOVA devices   
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Overall Project Objectives 

(1) Determine detailed time series of N2O fluxes 
and underlying factors at crucial management 
events such as irrigation, fertilization, and tillage in 
representative agroecosystems in Central Valley of 
California; and  

(2) Use  data on N2O fluxes to calibrate and validate 
processed based biogeochemical Denitrification- 
Decomposition (DNDC) model. 
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The DNDC Model 
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Observed and DNDC-Modeled N2O Fluxes from Agricultural Soils in the U.S., Canada, 

the U.K., Germany, New Zealand, China, Japan, and Costa Rica
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The DNDC model has been utilized for predicting N2O emissions in the U.S., 
Canada, EU nations, Australia, New Zealand, Russia, China, Japan and India 

NB: No sites in California. 



Brown et al., 2002 – UK Grassland and winter wheat 



Hsieh et al., 2005 – Ireland Grassland 



http://www.ars.usda.gov/pandp/docs.htm?docid=19008 
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Sampling: 

Task I: Nitrous oxide sampling 

  USDA-ARS GRACEnet protocols 

Rectangular stainless steel chamber bases 
(50*30*8 cm) 

Stainless steel tops lined with a rubber gasket on 
bases 

At 0, 20 and 40 min. with syringe in 12 ml vials 
and stored at room temperature. 

At fertilization, cultivation, irrigation and 
rainfall events. 

  analyzed by Gas chromatograph at UC Davis. 

 

 



• Task II:  Soil, Crop and Climatic parameters 

Soil Factors: 

 Soil Moisture: gravimetric soil moisture to 

30 cm depth 

C and N: LECO Range by combustion 

method 

Soil pH, Bulk density, Eh, saturation and 

field capacity 

Soil temperature 



Crop factors: 

  Type of crop 

  Variety 

  Crop rotation 

Leaf Area Index 

Maximum height 

Yield 

Biomass 

C:N of root, shoot and fruits at maturity 

Thermal Degree Days to reach maturity 



Climatic factors 

 Daily minimum and maximum air temp. 

 

Precipitation 

 

Solar radiation 

 

CIMIS weather stations 



Data Analysis, Report writing & Dissemination 

ppm to flux using USDA ARS GRACEnet 

If rate of change of trace gas conc. in 
headspace constant- linear regression 

    fo= (C1-Co)*60/T1 

Otherwise – curvi-linear  
    fo = (C1 - C0)2 / [ t1 x (2 x C1 - C2 - C0)] x ln[(C1 - C0)/(C2 - C1)] 

  fo = flux at time 0 

   C0, C1, and C2 = chamber headspace gas concentrations 
(ppm(v)) at time 0, 1, and 2, resp. 

   t1 = interval between gas sampling points (h).  

   The resulting units of fo are: µL trace gas Liter -1 h-1.  

 



Site E- Cotton 

• Determine of N2O fluxes following fertilization, 
irrigation and tillage events for cotton fertilized 
with UAN 32 combined with a nitrification and 
urease inhibitor. 

Collaboration with Dr. Bruce Roberts 

• Location: Fresno State campus, CA 

• Crop/Variety: Cotton/Acala 

• Soil Type: Sandy Loam 

• Furrow irrigated 
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Site E- Cotton  on Fresno state campus 

• Flux chamber measurements at various  
times during the growing season, once at 
post harvest and once following reside 
incorporation 

• Soil samples also collected 

•  Samples analyzed  (ppm data) on G.C at UC 
Davis 
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Site E- Cotton  Expt. design 

• Completely randomized blocks 

• Three N rates = 50, 100 and 150 #N/ac 

• Treated and non treated with Nutrisphere® 

• Include plots with NO fertilizer added   
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Example of trends in N2O fluxes 

Note: Units not included! 
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Example of trends in N2O fluxes 

Note: Units not included! 





Site E-Cotton - Proposed Work 

• Flux chamber measurements after harvest 

• Additional samplings scheduled for 2013 

• Soil samples to be analyzed for C and N contents  

• N2O ppm data to be converted to flux values  

• Incorporation of data into DNDC  model 

• Comparison of measured values with those 
predicted from DNDC simulations 20 
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Site C- Cotton 

• Determine of N2O fluxes following fertilization 
and irrigation events for silage corn fertilized 
with Urea Ammonium Nitrate (UAN 32). 

• Comparison of emissions from furrows and beds 

• Location: Hanford, CA 

• Crop/Variety: Cotton/ Acala 

• Soil Type: Fancher’s Sandy Loam 

• Furrow irrigated 
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Site F- Fresh Market Tomatoes 

• Determine soil N2O fluxes for sub surface drip 
irrigated tomatoes treated with varying UAN 32 
fertilizer rates (60, 120 and 180 lbs N/ac). 

 

• Location: Fresno State campus, CA 

• Crop/Variety: Tomatoes/Quali-T 21 and 47 

• Soil Type: Sandy Loam 

• Sub surface drip irrigated 
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Site G- Fresh Market Tomatoes 

• Determine soil N2O fluxes for tomatoes subjected 
to elevated Carbon Dioxide levels and two 
subsurface drip irrigation rates ( 100% & 80% ET)   

• Collaboration with Dr. Florence Cassel Sharma 
 

• Location: Fresno State campus, CA 

• Crop/Variety: Tomatoes/Quality 21 

• Soil Type: Sandy Loam 

• Sub surface drip irrigated 
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Split- Plot Design 
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Future work on CDFA funded Project 

• California State University - Agricultural Research 
Institute project funds will be used for expanding field 
measurements and model validation efforts. 

• No cost extension requested to December 2013 to 
ensure that field samplings conducted in summer 
2012 and 2013.  
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Additional Investigation with INNOVA  

• Comparison of soil N2O concentrations measured 
in silage corn  with flux chambers and the 
INNOVA 1412 device. 

 

• Location: Fresno State campus, CA 

• Crop/Variety: Corn/ To be confirmed 

• Soil Type: Sandy Loam 

• Furrow irrigated 
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• Sampling events to be conducted 

during summer 2013 

 

• Comparison of data from both 

methods to evaluate the 

compatibility of using data from 

two methods to determine flux 

values.  
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THANK YOU ! 

           

Any Questions? 

Dave Goorahoo 
Plant Science Department 

Center for Irrigation Technology  
California State University, Fresno.  
2415 E. San Ramon Ave MS AS 72 

Fresno CA 93740-8033 
Phone: 559 278 8448; Fax: 559 278 7413  

dgooraho@csufresno.edu 
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